are ubiquitinated before fertilization in rhesus monkeys and cows. They assumed that an ubiquitin-proteasome system is the elimination factor in mammals, and speculated that ubiquitin directly recognizes prohibitin, which is an integral protein of the inner mitochondrial membrane.
Kaneda et al., [7] showed that sperm mitochondrial DNA (mtDNA) is lost by the late pronucleus stage immediately after incorporation, using intraspecific crosses of congenic mice that incorporated heterogeneous 4 mtDNA. Maternal inheritance also occurs in chloroplast DNA. Nishimura et al. [8] separated the sexual chloroplasts from zygotes in Chlamydomonas immediately after mating. They detected gradually increasing Ca 2+ -dependent nuclease activity during the disappearance of chloroplast DNA, but only in male derived chloroplasts. They therefore proposed that female chloroplasts are protected from this sequence-nonspecific endonuclease by an unknown mechanism.
We suggested that egg mtDNA is not protected from the elimination factor, but that the sperm mitochondria selectively take up the elimination factor, which would explain the question of selectivity. In 2005, we demonstrated that sperm associated antigen (Spag) 1 (t-tpis) to be the sperm mitochondria-specific translocator and that its antibody can block the elimination system of the mouse. Furthermore, as the elimination system could be blocked by processing fertilized eggs with EGTA as the metal chelator and aurintricarboxylic acd (ATA) as the nuclease inhibitor, it was estimated that one of the elimination factors of the egg is the divalent cation-dependent endonuclease. In addition, as the translocator of the mitochondrial outer membrane (Tom) 34 that has strong homology with
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Spag1 was localized not only in the mitochondrial outer membrane but also the cytosol and also functioned as a chaperone, it was estimated that the Spag1 isoform (s-tpis) which developed in similar localizations in the ovary and which did not develop in spermatozoa would assure selectivity of the system as the elimination system-specific chaperone [1] . This time, using recombinant Spag1 protein, a pull-down assay of the ovary cytosol was performed and the elimination factors searched for. And with the expected results having occurred we report it here.
Materials and methods
Mouse strain, preparation of ovary and other organs and isolation of cytosol and mitochondria. The dissection of mature ovaries and other organs from C57BL/6J mice (SLC, Japan) killed through cervical dislocation and isolation of cytosol and mitochondria were performed as described previously [1] . Isolation of ovary cytosol was performed using a homogenization buffer without EDTA.
Protein expression and purification. Total RNA was extracted from 6 mature ovaries and testis using the acid guanidinium-phenol-chloroform method. After making cDNA with the random primer method, PCR was carried out, using a primer pair which was designed in accordance with the manufacturer's instructions for pENTR Directional TOPO Cloning Kits Pull-down assay and mass spectrometry. Ovary cytosol diluted with lysis buffer (25 mM Tris-HCl, pH 7.5, 100 mM NaCl, 3 mM MgCl2, 3mM
MnCl2) was incubated with His-tagged Spag1-1N1 protein combined 
Endonuclease activity assays of recombinant Eri15 (rEri15) protein.
After isolated mitochondria from the ovary and testis was incubated with a protein lysis buffer (20 mM Tris-HCl, pH 7.5, 125 mM NaCl, 100 mM EDTA, 1 % SDS, 8M urea, 200μg / ml proteinase K) overnight at room temperature and processed with the phenol-chloroform-isoamyl alcohol (PCI) method, isopropanol was used in precipitation. Furthermore, after incubating with 2 mg /ml DNase free RNaseA for 1 hour at 37 ℃ and precipitation again with the PCI method using isopropanol, it was then dissolved with TS buffer (10 mM Tris-HCl, pH 8.5, 150 mM NaCl 
Results and discussion

Pull-down assay of ovary cytosol by rSpag1-1 N1 protein combined resin
In the above treatise [1] , it was considered that there were 2 protein sizes of 75 kDa and 64 kDa in Spag1 isoform (s-tpis) as splicing variants of Spag1-1, and 75 kDa protein was considered to be a post-translational modification of the 64 kDa protein. However, following that registration of
Spag1 isoform 3 (Spag1-3) mRNA (UniProtKB accession no. Q80ZX8-3)
occurred and it was thought that the 64 kDa protein was Spag1-2 and the 75 kDa protein Spag1-3, viewed from their molecular sizes (Fig. 1A) .
Using a pull-down assay of the ovary cytosol with rSpag1-1 N1 protein combined resin both Spag1-2 and Spag1-3 were pulled down (Fig. 2B) .
No DNase activity was observed in the pull-down eluate with the control resin only, but DNase activity was observed in the pull-down which contains E out of DD35E as the core domain motif (Fig. 1B) . From the fact that in the genomic sequence (GenBank accession no. NW_ 001073458) intron was not discovered, it was estimated that it derived from the retrovirus and was named endogenous retrovirus integrase 15 kDa (Eri15).
Only Eri15 protein in the 60 kDa band (not detected in CBB stain ) could be detected using a Western immunoblotting assay of the pull-down eluate by the anti-Eri15 antibody and anti-His-tag antibody, and Eri15 protein and
His-tagged fusion protein in the 113 kDa band（Fig. 2B）. As the molecular weight of His-tagged Spag1-1 N1 protein is 53 kDa ( Fig. 2A) and that of Eri15 protein of ovary cytosol is 60 kDa (Fig. 2B, Fig. 4A ), it was thought that part of Eri15 formed a complex (53+60=113 kDa) with the His-tagged Spag1-1 N1 protein.
Characterization of rEri15 protein
Though integrase has exo-and endonuclease activity [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , in spite of the recombinant full-length Eri15 protein that developed in the E. coli lacking part of the integrase core domain and DNA binding domain, endonuclease activity was discovered which could digest mtDNA (Fig. 3A) .
The fact that it could digest not only testis mtDNA but also ovary mtDNA (Fig. 3A) leads to the conclusion that ovary mtDNA is not protected, at 16 least against Eri15.
Furthermore, activity was hampered by Zn 2+ and ATA as the nuclease inhibitor (Fig. 3A, 3B ). We reported that the elimination system could be blocked by processing fertilized eggs with Zn 2+ or ATA [1] , and the characteristics of the rEri15 protein coincides with this result. There is a report that although Zn 2+ is needed to stabilize the folded state of the integrase and for enzymatic activity [12] , the Mn 2+ -dependent nicking activity of the avian sarcoma virus integrase catalytic domain is inhibited by Zn 2+ [11] . The possibility does exist that Zn 2+ blocking the elimination system of the egg could result from the fact that Eri15 was inhibited.
Many integrases have alkaline optimum pH [13, 14] (Fig. 3B) . The pH of the mitochondria matrix was 7.8-8.1 and has alkalinity comparable with the 7.4-7.5 of cytosol [19] , and the Mn 2+ content of mitochondria is rich and nearly double that of cytosol [20] . It can be said that Eri15 is adaptive to the internal environment of mitochondria.
Localization of Eri15 protein
Integrase normally forms a multimer and reveals activity in multimers [9, 10, 12, 17, 18] . Eri15 protein was not detected as a monomer of 15 kDa but was detected in the ovary and liver as a tetramer of 60 kDa and in testis as a trimer of 45 kDa (Fig. 4A) . In the heart a 54kDa band was detected and in the cerebrum and cerebellum 2 bands of 54 kDa and 76 kDa. It is presumed that the 54 kDa band is perhaps a trimer of a monomer of 18 kDa which received a post-translational modification or an isoform of 18 kDa and that the 76 kDa band is a tetramer. In native PAGE of the ovary cytosol, Eri15 and Spag1-2 or Spag1-3 formed a complex of～500 kDa (Fig. 4B) . The Spag1-1 protein has eight tetratricopeptide repeat (TPR) motifs. The TPR motif is a degenerate 34 amino-acid sequence, which can sometimes form domains made by several TPR-motif tandem arrays, and is involved in protein-protein interactions. The TPR domain mediates self-association and forms multimers of TPR protein [21, 22] . There is a possibility that the complex of Eri15 and Spag1-2 (or Spag1-3) is further forming a high-molecular weight complex via the TPR domain.
In immunohistochemical staining of the ovary, strong signals were found for Spag1-2 or Spag1-3 in the cytoplasm of stromal cells and eggs, and for Eri15 in the cytoplasm of stromal cells, eggs and cumulus cells (Fig. 4C) .
Integrase has a function that integrates viral DNA into host genomes and is localized in the nucleus [18] . Eri15 had many characteristics of integrase, but it was clearly not the nucleus and differed from integrase in that it was localized in the cytoplasm. Recently, an amazing report appeared that aminoterminally truncated isoform (UL12.5) of alkaline endonuclease (UL12) was involved in a recombination of the herpes simplex virus （though is a DNA virus） that eliminates the host mtDNA [23] . While the transport of UL12.5 to the mitochondria matrix is completely unclear it can be thought that the virus uses the mitochondria protein transport system of the host. UL12 is localized in the host nucleus, but UL12.5 gains mitochondria directivity by being truncated. The possibility exists that Eri15 could gain directivity to mitochondria by being truncated. It may be that the host started to use Eri15 for sperm mtDNA elimination, using a mechanism [23] 
